We examined the effect of high-speed rolling on herpes simplex virus replication. Inoculated cultures were rolled at 2, 96, or 383 rpm, while stationary cultures served as controls. At 24 h, inoculated cultures rolled at 96 rpm had a 6.8-fold increase in foci when compared with stationary cultures (P < 0.01) and a 2.8-fold increase over cultures rolled at 2 rpm (P < 0.05). Cultures rolled at 2 rpm had a 2.4-fold increase in foci over stationary cultures (P < 0.05). Viral yield results correlated with focus results. Significantly more virus was present in cultures rolled at 96 rpm (7.3-fold) than in stationary cultures. Cultures rolled at 2 rpm produced 2.9-fold more virus than stationary cultures (P < 0.05). Of 37 cultures rolled at 96 rpm, 33 (89%) were cytopathic effect positive at 96 h, while 18 of 40 (45%) were positive at 2 rpm and only 2 of 37 (5%) were positive for stationary cultures (P < 0.01). Cultures rolled at 96 rpm produced maximum viral yields 2 days sooner than stationary cultures. Rolling of inoculated cultures should be used in the clinical laboratory to aid in the rapid detection of herpes simplex virus.
Herpes simplex virus (HSV) is frequently isolated by viral diagnostic laboratories. This agent and its recognition as one of the leading causes of sexually transmitted diseases have led to the need for rapid, sensitive, simple, and inexpensive detection techniques that will provide reliable results. Isolation in cell culture is still the preferred method for detecting HSV and is the standard with which other detection methods are compared (18, 22, 27, 29, 45) . For viral isolation, technicians in virology laboratories have different ways of incubating inoculated cultures. Some roll inoculated cultures, others incubate inoculated cultures in a stationary position, and recently some are centrifuging inoculated cultures before stationary incubation (1, 6-8, 11-15, 23, 32-34, 36, 38, 40, 43-45) .
The first report on rolling for viral replication was published in 1940 by Feller et al. (10) . Since then, other investigators have used rolling for viral replication (2, 5, 16, 19, 22, 25, 28, 35, 37 Viral spreading. Culture tubes with BGM 70 cells were infected with different dilutions of the laboratory strain of HSV. Virus was allowed to adsorb in cultures with 2 ml of medium for 1 h under stationary conditions. At the end of the stationary adsorption, inoculated cultures were filled with maintenance medium to reduce viral spreading and incubated either rolling (2 and 96 rpm) or not rolling. Focus and viral yields were determined for each condition.
Effect of time on viral yield. All cultures were allowed to reach 4+ CPE before being frozen for a viral yield assay. Cultures rolled at 96 rpm reached maximum CPE before cultures rolled at 2 rpm. Stationary cultures reached maximum CPE last.
Statistical analysis. Student's t test was used to compare the mean number of foci and mean number of PFU between experimental and control conditions. Fisher's exact test was used to determine the P value for the number of positive cultures between rolled and stationary conditions.
RESULTS
Effect of rolling at 96 rpm. Serial 10-fold dilutions of six clinical specimens, as well as a laboratory strain (HSV type 2, strain 333), were inoculated into BGM 70 cells and were either rolled (2 and 96 rpm) or not rolled. Both clinical specimens and the laboratory strain showed focus and yield enhancement. The geometric mean fold increase in foci at 24 h between 2 rpm and stationary cultures was 2.4 (P < 0.01) and that between 96 rpm and stationary cultures was 6.8-fold (P < 0.01) (see Table 1 ). At 48 h the geometric mean fold increases in foci were 2.3 and 8.0, respectively (P < 0.01). At 24 and 48 h postinfection, the same serial dilutions from each condition were frozen for a viral yield assay. The geometric mean fold increase in PFU between 96 rpm and the stationary condition at 24 h was 7.3 (P < 0.01) and that between 2 rpm and stationary was 2.9 (P < 0.01) (see Table 1 The effect of centrifugation on viral detection and replication has also been studied (1, 6-8, 11-15, 17, 23, 30-34, 36, 38-45) . Tenser (41) reported almost a 10-fold increase in sensitivity with a laboratory strain of HSV after low-speed centrifugation (1,100 x g for 10 min) and nearly a 100-fold increase with ultracentrifugation (28,000 to 45,000 x g for 1.5 to 2.3 h). In recent studies (6, 7, 15, 34, 36, 44, 45) , shell vials have been used in conjunction with low-speed centrifugation for the rapid detection of HSV. Using shell vials, Darougar et al. (6) have reported an increase in the diagnostic sensitivity for HSV over conventional cell culture, while others (7, 36, 44) have reported no significant difference. In all cases a decrease in time for HSV detection was seen. Recently, it was demonstrated that conventional cell culture was more sensitive than a centrifugation technique utilizing 24-well plates for the detection of HSV (45) .
Centrifugation has also been used with cytomegalovirus (CMV) specimens (1, 11-14, 23, 32, 33, 40, 43 (17, 23, 32, 40, 43) . A recent study by Paya et al. (32) , however, showed the importance of conventional cell cultures for the detection of CMV in certain specimens. They found that 25% of the blood specimens positive for CMV were only detected in cell culture.
Shell vials and centrifugation have also been used with influenza viruses. Espy et al. (8) demonstrated that centrifuged specimens produced more fluorescent foci in the shell vial system than noncentrifuged specimens and that the time of centrifugation had no significant effect on the number of fluorescent foci.
To our knowledge, this is the first study to compare focus formation and viral yields produced by HSV when cultures were continuously rolIed at different speeds. An increase in focus number as well as a decrease in the detection time were observed for low-titered preparations of virus which better approximate those found in many clinical specimens. Preliminary results indicate that high-speed rolling (383 rpm) was not better for focus enhancement than rolling at 96 rpm. A comparison was made between the two rolling conditions (separate experiments), and a direct comparison is necessary to reach a conclusion as to which rolling speed is best for viral replication.
In our experiments we used only one cell line. It has been reported (4, 9, 18, 20, 24, 26, 46) By using a laboratory strain of HSV and clinical specimens, we found incubating inoculated cultures rolling at 96 rpm to be better for the detection and replication of HSV than incubating cultures at 2 rpm or in a stationary position. We suggest that rolling of inoculated cultures should be used in the clinical virology laboratory to aid in the rapid detection of HSV.
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